Introduction {#sec1-1}
============

The adenohypophysis of mammals comprises of five major types of endocrine cells that produce six types of hormones (*viz*. GH, PRL, ACTH, TSH, LH and FSH). Hypothalamic input is necessary for the production of these hormones. During pregnancy the stimulation of fetal hypothalamus-pituitary-adrenal axis (HPAA) induces higher levels of cortisol,[@ref1] playing a very important role in organ development and preparation of *ex utero* life. In mammals, a gush in HPAA is present and that induces the increase in plasma cortisol concentration before parturition.[@ref2] This was evidenced by subpopulation of ACTH, POMC and CRHR~1~ in sheep fetal pituitary gland.[@ref3] During third trimester of sheep, RIAs has acknowledged a boost of fetal blood ACTH~1--39~ exclusive of proopiomelanocortin (POMC).[@ref4] However the reason of this increase is unknown, while this increase is crucial for the increased cortisol production as term approaches[@ref5] and this may be due to more clipping of POMC to ACTH~1-39~.[@ref6] These glucocorticoids play an important role in the maturation of different organs, especially lungs and the whole cascade of parturition mechanism. Prepartum high production of ACTH~1--39~ is concomitant with processing of POMC and distribution of prohormone convertase-1 (PC1) in fetal adenohypophysis and more quantity is present in the basal site of the gland.[@ref7] In sheep during the second half of gestation there is a high level of POMC mRNA, then it gets further higher at full term[@ref8] and its quantity gets more in the inferior aspect of the pars distalis. Heterogeneity has already been reported in pituitary corticotrophs. There are cells present those express POMC but no cleavage enzyme PC1, cells with POMC and PC1.[@ref9] Also we know that corticotrophs and its subpopulations respond differentially in the adult sheep,[@ref10] fetal sheep,[@ref11] and rat.[@ref12] A variety of transcription factors and their timely expression are accountable for proper functioning of HPAA throughout the fetal era.^[@ref13],[@ref14]^ These massive changes at pituitary level during fetal life are necessary for controlling other postnatal physiological body functioning.

To authors's knowledge, such report on fetal buffalo pituitary gland has not yet been published. Therefore our study intended to identify whether in buffalo all corticotrophs possess full-length POMC along with ACTH~1-39~ fragment in gestational buffalo adenohypophysis. The study also correlates impinge on of gestational age on POMC and ACTH expression.

Materials and Methods {#sec1-2}
=====================

Animals {#sec2-1}
-------

The Nili-ravi buffalo (*Bubalus bubalis*) fetus (male) pituitary glands were obtained from the local abattoir. All the recovered fetuses were divided into three groups according to their gestational age viz. at late first trimester, late second trimester and late third trimester. Further the age of buffalo fetuses were confirmed by crown rump length according to Hughes and Davies.[@ref15]

Collection of pituitary glands {#sec2-2}
------------------------------

In brief, all obtained fetuses were freed from their membranes, scrutinized for the presence of any visible abnormalities, and their heads were cut opened for the removal of pituitary glands. The isolated glands were right away immersed and fixed in ice-cold buffered formaldehyde at pH 7.4 for 24 h, and processed for paraffin blocks embedding. Before processing, the pituitary glands were dissected into two parts alongside the coronal plane to keep neurointermediate lobe intact.

Immunohistochemistry {#sec2-3}
--------------------

A set of serial sections were slashed at 5 µm thickness, mounted onto SuperFrost® Plus (Menzel GmbH & Co., Braunschweig, Germany) glass slides and dried. Afterward, the sections underwent a photo-bleaching route at 50W halogen light for 24 h to reduce auto-fluorescence.[@ref3] Following rehydration process in xylene and a series of ethanol, antigen retrieval was accomplished in Tris-HCl (0.1 M; pH-6.6) for 10 min at 121°C. Sections were dipped in blocking solution (PBS; pH-7.4), 0.01% sodium azide and 10% normal donkey serum (Sigma-Aldrich, Inc., Saint Louis, MO, USA) at room temperature in a humidified chamber (30 min). Sections were incubated overnight at 4°C with an antibody cocktail having: rabbit anti-POMC IgG (ST-1, 1:100) and mouse anti-ACTH IgG (ACTH~1--39~; 1:50, Dako, Glostrup, Denmark) to acquire three-colour immunofluorescence. The antibodies of POMC are explicit against ST-1 fragment, which is a nonapeptide (Lys)-Leu-Glu-Phe-Lys-Arg-Glu-Leu-Glu and is present in-between ACTH and β-LPH.[@ref16] After washing (PBS; 3 times and 5 min), the sections were further incubated for an hour with the secondary antisera conjugated to different fluorophores *viz.* Cy3-conjugated donkey anti-mouse IgG (1:200) and Cy2-conjugated donkey anti-rabbit IgG (1:100; Jackson ImmunoResearch, West Grove, PA, USA). Subsequently, the slides were washed again (PBS; 3 times and 5 min), dried and cover slips were mounted with antifade fluorescent mounting medium 4,6-diamidino2-phenylindole (DAPI; ProLong® Gold; Invitrogen Eugene, Oregon, USA).

Specificity and cellular localization of immunostaining {#sec2-4}
-------------------------------------------------------

The use of mouse monoclonal antihuman ACTH and antimurine POMC antibody in ovine pituitaries has already been reported.[@ref3] To establish the controls for this trial we used primary antibodies or the replacement of primary antibodies with 10% normal donkey serum. After incubation with primary antibodies, the in-appropriate secondary antibodies or PBS were used to immunostain the pituitary glands. There was no bound fluorescence in these control procedures.

Fluorescence imaging and quantification {#sec2-5}
---------------------------------------

The fetal pituitary sections from buffalo were visualized on a Ceti Magnum-Tepi-fluorescence microscope. Cy2, Cy3 and DAPI indication were individually imaged using excitation/emission wavelengths of 488/522 nm, 514/585 nm, and 358/460 nm. The metaphors in lieu of the positive area were obtained using the image analysis software analysis (ImageJ; NIH, USA). For each field, a total number of DAPI labeled nuclei and immunopositive cells for both antigens were recognized. For each antigen, the total number of nuclei and immunoreactive cells in five non-overlapping fields in each slide were assessed.

Statistical analysis {#sec2-6}
--------------------

Statistical significance of the differences between groups was calculated by CRD through SAS (SAS Inst., Cary, NJ, USA). The data was further subjected to the Duncan Multiple Range Test (DMRT) to find out the significance and the means in consideration.[@ref17] Statistical significance was kept at P≤0.05. The whole data is presented as means ±SEM.

Results {#sec1-3}
=======

Specificity of immunostaining {#sec2-7}
-----------------------------

The results of immunohistochemistry presented a clear picture of anterior pituitary cells and nuclei through specific staining. The POMC and ACTH were confined to a small area of cytoplasm in the explicit cells ([Figures 1](#fig001){ref-type="fig"} and [2](#fig002){ref-type="fig"}). There was no staining in the neural lobe. Exclusion of the primary antibodies with donkey serum absolutely put an end to immunostaining, as formerly publicized.^[@ref18],[@ref19]^ The confirmatory illumination of the cells was only shown when the correct optic cube for each fluorophore was used, and no spectral bleed-through was noticeable.

Corticotrophs subpopulations {#sec2-8}
----------------------------

The adenohypophyseal cells recognized as POMC and ACTH containing cells can be detected at late first trimester to onward age of gestation. There is a significant effect of gestational age on the proportion of these cells. Most of the immuno-reactive corticotrophs stained positively for both POMC+ACTH ([Figure 2](#fig002){ref-type="fig"}). However, a considerable number of cells are also present those stained positive for POMC but not ACTH and *vice versa* ([Figure 2C](#fig002){ref-type="fig"},[F](#fig002){ref-type="fig"},[I](#fig002){ref-type="fig"}). In this study we have recognized three major subpopulations of corticotrophs based on presence of POMC or ACTH or ACTH+POMC.

Gestational age and subpopulation of corticotroph number {#sec2-9}
--------------------------------------------------------

The cellular photomicrograph of adenohypophysis show evidence of these phenotypes ([Figure 2](#fig002){ref-type="fig"}; [A-I](#fig002){ref-type="fig"}) and their proportion during 3 to 9 months of gestation is given in [Figure 3](#fig003){ref-type="fig"}. There was a significant increase (P≤0.05) in ir-ACTH (Immunoreactive-ACTH) cell number of fetal pituitary gland at 6 months (8.77± 1.63%) of age followed by 9 months (7.43± 0.92%) and 3 months (6.57±0.61) of age, respectively. The ir-POMC were appreciably higher (P≤0.05) at 9 months (8.32±0.13%) of gestation pursued by 6 months (6.45±0.96%) and 3 months (5.05±0.85%) of age. The pituitary cells recognized as having both POMC+ACTH antigen have shown a marked increase in population proportion of cells (P≤0.05) at 3 months of gestation (4.55± 0.52%) as compared to 6 and 9 months of gestation; nevertheless, the number of POMC and ACTH co-localized cells remained non-significant and decreased in later gestation.

Discussion {#sec1-4}
==========

The staining of immunoreactive adenohypophyseal cells represents a precise cytoplasmic immunostaining for specific hormone. It is already known that formaldehyde fixation can halt the antigen antibody reaction; therefore before immunohistochemistry the sections underwent an antigen retrieval step,[@ref20] with TRIS-HCl, at 121°C for 10 min. This treatment of sections further enhanced the specific binding of antibodies; on the other hand, before this treatment the exposure of sections in halogen light reduced auto-fluorescence. To our information, this is the first study on ontogenic profile of corticotrophs in buffalo fetus pituitary gland. Our study has validated and effectively recognized the ir-ACTH and ir-POMC cells in the adenohypophyseal sections of neli-ravi buffalo fetus. In addition, we have determined the ontogenic profile of these cells over the three quarter of gestation, quantitative enumeration, their co-localization along with changes in these cells. In almost all species HPA axis maturation and production of adrenal glucocorticoids is a physiological process of fetal life. In fetuses, there was an increase in ir-ACTH cells during 2^nd^ trimester; however, in sheep fetus[@ref21] reported a gradual increase in corticotrophs with pituitary growth. This contradiction may have originated due to species difference or the cells pouring out their ACTH secretions because during late 2^nd^ to 3^rd^ gestation the pituitary gland grows at 60%.[@ref22]

After the maturation of fetal pituitary gland, the activity of fetal HPA starts from midgestation.[@ref23] In this fetal CRH produced from hypothalamus and placenta stimulates the fetal corticotrophs for production of ACTH. This ACTH controls the HPA development, angiogenesis and expression of different steroidogenetic enzymes[@ref24] and adrenal cortex steroids production. In different animal models, if there is an increase of these steroids, stress or external glucocorticoid induction during pregnancy can alter HPA activity, glucose intolerance or hypertension.[@ref25] Our results showed a number of cells showing ir-ACTH. These cells increased with age, but the presence of ACTH cellular percentage decrease before term. Our results are not in line with those of Attia *et al.*,[@ref26] who stated that with increase in age there is increase in number of ACTH cells. This dissimilarity of results may be due to change in staining methodology or difference in breed of buffalo. There is a considerable populace of cells showing ir-ACTH with no or very little POMC in the later gestation. This may be due to increased processing of POMC towards ACTH and this is evident by the presence of co-localized cells (POMC+ACTH). This difference in cellular expression at different gestational ages may be due to the differential activation of PC1.[@ref27] Another population of cells staining with POMC antibodies revealed the presence of full-length POMC peptide that has not cleaved into ACTH. This may be due to deficiency or less activity of PC1 in corticotrophs.[@ref9] Thus, we propose that the difference in the expression of differential subpopulation of corticotrophs may be due to presence/activation of PC1.

Another possibility of differential expression of POMC and ACTH may be due to their storage capability, as Moore *et al.*[@ref28] described the formation of POMC storage complex ,and its sulfation may play a significant role in differential processing of POMC in adenohypophysis[@ref29] and a separate regulation of ACTH and POMC in fetal pituitary gland by stimulating individual cells.[@ref3] An additional explanation in the decrease of POMC is that, the fetal pituitaries release POMC *in vivo.*[@ref3] Therefore, the plasma levels of POMC are sustained through fetal pituitary gland POMC production and secretion, and pouring these in the blood. Therefore, the proportion change in the adenohypophyseal cells containing POMC and ACTH~1-39~ can play an adaptation role during uterine stress.

In conclusion, this study reports differential co-localization of POMC and ACTH in individual adenohypophyseal cells. From late first to third trimester of gestation, there is a quick fall in cellular co-expression of POMC and ACTH. However, there is an overall increase of POMC expressing cells and decrease in ir-ACTH cells. Consequently, there may be some crucial physiological role of these phenotypic variant cells in the growth of fetus and subsequent growth and maturation of internal organs.

![Immunofluorescent staining for ACTH (Cy3) and POMC (Cy2) at 600x. Images from first (A), second (B) and third (C) trimester of gestation male buffalo fetus pituitary gland demonstrating double immunofluorescent staining for ACTH and POMC. Dotted arrow shows co-localization of ACTH and POMC. Normal arrow shows POMC in cells and round head arrow shows ACTH in cells. Scale bars: 20 µm.](ejh-2014-1-2292-g001){#fig001}

![Immunohistochemical images of buffalo fetus anterior pituitary gland during first, second and third trimester of gestation. (A; ACTH, B; POMC, C; co-localization of ACTH and POMC) at the age of 3 month fetus, (D; ACTH, E; POMC, F; co-localization of ACTH and POMC) at the age of 6 months, (G; ACTH, H; POMC, I; co-localization of ACTH and POMC) at 9 months of fetus age. Blue arrow shows individual cells having ACTH. White arrow shows individual cells having POMC granules, while yellow arrow shows the evidence of ACTH and POMC co-localization (yellow cells) in specific cell. Magnification: 400x.](ejh-2014-1-2292-g002){#fig002}

![Mean ± SEM proportion of corticotroph cells subpopulation at 3 months (plane white), 6 months (plane gray) and 9 months of gestation (white, hatched) fetuses. A-C, superscript letters indicate significant differences between animal age groups or between cell types (P≤0.05).](ejh-2014-1-2292-g003){#fig003}
